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C1277,00/C 

TSfle: Lateral Blow Assay It&nce and Method GB 
Field of the Xnveatiim 

The present invention relates to a latetal flow assay device chat may be used to detect the 
presence and/or amount of a target nucleic acid sequence in a sanopfe, a kit comprising tte 
latexal flow device, and a method of performing an assay. 

Backgrannd of the lEEv^tion 



Sensitive detection of nucleic acids has advanced over recent years With title development 
of a variety of nucleic acid detection and' amplification techniques. Th^sse amplification 
techniques can be broadly divided uito specific target aixi]plification and signal 
an^lificatilon. Bxamples of target amplification tectmiques include, Polymerase Ciiaiu 
Reaction (PGR) (US 4,683,195 and US 4,683,202), Nucleic Acid Sequence Based 
Ampliflcaiiott (NASBA) (US 5,130,238), and Transcription Mediated Amplification 
(TMA) (US 5,399,491). Examples of signal anzplification techniques include. Signal 
Mediated Amplification of RNA Technology (SMART) (WO 93/06240), Split Promoter 
Amplification Reaction (SPAR) (WO 99/37805), Invader (US 5,846,717 ) and LJgase 
Caiain Reaction (LCR) (EP 0,320,308). These technologies can be further subdivided by 
their ability to amplify target / signal either by requirement for thermal cycling (such as 
PGR) or ability to qperate at a single temperature (isolhennally). 



One commonality between Ehese techniques is the requirement for front end sample 
preparation (nucleic acid extraction) and back end amyplicoa detection. All of th^ 



development is targeted At complex systems ftu: automatioii of these processes^ to provide 
medium to high througlq^ut Of dnalyces. 



techniques involve multi-step proca$$e$ to achieve detection of the amplicon, and current 
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Nucleic add smplification t^bniques have been well desciibe* 3nd itlusttated in the prior 
art snd all rely on Hlq action of nucleic acid dependent enzymes. One sucfi technique, 
SMART (WO 93/06240), relies on fee interacdon of two probes <x>mblned wifti the 
sequence of interest to form a three way jnnction (TWJ) structure geaaeratiilg an RNA 

signal after the action of^Dl^ poly5efaFe";Si^ potjonerase* ~The-JlNA- sign^ 

generated firom the TWJ may be further amplified by linear acnpHfication probes, (see WO 
01/0937^* Detection of thie^ RNA signal may be achi'sved by a nmnber of means titat are 
well described in the prior art fiiat inclnde, but is not limited to, molecular beacons (US 
5,925,517), latex beads, FRET /DFRET. 

Fm sotoe of the afbrementloned processes, exi^sive* ci»^Ies eqiiipmeat is requJbred 
together with s level of skilled laboixr to perform such tecliniqaes« For fliese techniques to 
become widely used for both clinical and Industrial applicatiOHS, reduction in the 
coicplexity of the tests (i.e. tiumber of steps and sldll bcise require) together with fc 
reducdon hi the mstrumentstion and cost per test are required. 

Specifically, for thef?e tests to be applicable at the nesr patient (point of care-PoC)* or i>;^ar 
process level, simple, €asy to use, cost competitive systems are required. 

Chromatographic or IslBral flow asssrys have been used for many ycaais to siaaplify the 
perfermance of tests such itsX they can be performed by serai- or tmskilted users and 
require minimal equ^Hneot; they are tfaacefijre ideally suited to PoC tests. To date, 
however, their application has primarily been restricted to immunoassays that are less 
coniplK titan nud^c add tests sincd they sec simply detection assays, there being no 
m::i{»Iificatlon s&ep. 



Lateral flow tests typically ucilxse a snigle* capillary device that contains some (or 
preferably all) of the reagents necessary for the performance of an assay. These reagents 
are typically contained within djsc3:etc sones of the device;, such that as fluid flows along 
the de%dce by capillary flow the various reactions occur sequentially and £ signal is 
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generated at a detection zone that is indicative of the presence and/or amount of analym in 
the sample. The devices can be a single mranbrane with reagents deposited 
(e.g. US 4,161,146; US 4,361,537), or be coixqposed of a series of discrete psids or 
memhranra (each cootainix^ none, one or mdire reactants) arranged such that their edges 
are in liquid ccmtact with one ano^ GBP 0186799X 

A. typical lateral flow device will coxitain a sanaple receiving zone (whidi may coittain 
buffers and chemicals necessary foa: the test), a label zone (which contains an analyte- 
bindmg reagrat. such as an antibody, releas^ly behind to th^ membrane), a capnire and 
detection 2X>ne (which contains an analyte^binding reagent immovably immobilized an the 
membrane), and an absorption zone or sink of sufjf^dent capacity to enable nxibomid 
labelled reagent to wash out of tbe detection zone. The pad$ or membranes are typically 
* attached to an hnpervious backing, and the pads or membranes are in liquid contact with 

one another (usually achieved by overtyping the edges and use of adhesive or a lamination 

■I 

layer). Optionally the device is encased itt a protective hc^it^ with defined apertuihes fox 
sainple application and visualization of result. Exanqples of such devices include - those 
disclosed in US 5,656,503; US 5,622,S71; US 5,602,040; US 4,861,71 1 . 

To perform such an assay, sample is added to the sample receiving zone where it is drawn 
into the device by capillary force. Filter devices incorporated into the sample application 
zone can be used to remove blood cells^ etc., and act as a volume caaxiol device (EP 
0186799). The sample then hydrates and mixes with a labelled binding reagmt (e.g. 
chromophore-labelled antibody), and any analyte present in the sample reacts wiUi this in a 
specific manner to form a labelled analyte complex. This complex noigrates along the 
device to the detection zjone where a second binding reagent* immobilized on the strip, 
binds to the labelled aifidyte complex and prevents further mlgraticm of the labelled analyte 
complex. Unbound labelled binding reagent is drawn thtoug^h the detection zone to die 
absorption zone. Thus, presence of signal at the detection zone is kidicative of pr^ence of 
analyte in ihe sample. 
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A variety of labels have been used fet lateral flow assays, inchiding radioactive (US 
4,36M37) and fluorescent labels (US 6,238.931). allliougli visual labels are prefetied for 
R>C aM>Kcation3. These include enzyme-generated colourtoetric signals (US 4.740.468) 
and particdate dircrnicphores COS 5.591.643; US 4,943»522; US 5,714389). 



l^uddc-IddTbi^B-lESy^ i^^ been -described -in-4fee- 

prior art. For example, WO 00/12675 disdoaes an assay Systran that integratea nuddc 
acid extraction, spedfio target amplificaflott and detection. The device described therein 
comprises a hollow elongated cylinder wiflbt a single dosed end and a pluralfly of chambers 
tlierein. Nucleic acid extraction and aii?,lifk:atioQ steps occur witbln tto The 
amplified product is ftien contacted witH tbe ptoximal cBd of a latef al flow test stick !tt 
order to perfbrm die detection stsp of the assay. Accordingly, Ibe device disclosed in WO 
00/12675 is rdadvdy oar^rlex. 

Patent appUcation. No. US 2001/0036634 discloses ai apparatus for performing a auoleio 
acid assay wMch assay involves a titermocycUng aoqjUfication reaction (e.g. PGR). The 
apparatus cott^risea a lat^l flow test stidc and an asaodat«l themiaDy-regdatable 
apparatus such that ss a nndeic acid ait^cation reacdoa mixtiffe migiaT^ along tlie test 
stLdE it passes throughi a plurality of stationary fecnnal zones, such that tte reaction 
mixture is ibemially Cycled ui a manner suitable K> perftwm a polymerase djain xeaeaon. 
The niusleic add amplification reaction mixture is prepared outwith Ute assay aji^fas and 
is applied to a sample r^eiving portion of die lateral flow test stick. Thus, lbs test stick 
disclosed in US 2001/0036634 doss not inchide an inftsgral nncldc add eadiaction ssons. 



Smmnaiy of the Inveatfoa 

m a firsf aspect (be invdcttlon pnJvides a laieral flow assay device to test for the presence 
and/or amomit of a nudeic add sequeoce of imerest to a san^le. ae lateral flow device 

(a) a sample recsivhig zone for cantecang fee desdce vnih a Sample to be tested; 
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(b) a fflideic W3d an^^cadmi zone in liquid commoiiicaiion wMi ftfi sample receiviog 
zdne; aad 

(c) a detection zone for delecting tihie product/s, directly or indirecHy, of a nucleic acid 
amplififtfliion reaction performed in die amplification zone, said detectioai zone being, or 
being locatable, in liquid oanmmnicalion with the anJ^lificatioa zone, wherein an 
extraction step is performed on or within die lateral flow ds&sijf device. 

In a second aspect the mvendon provides a lateral flow assay device to test for the 
presence and/or atnouni of a nucleic ackl sequence of interest in a sanqjle, the lateral flow 
device comprising: 

(a) a sanipleieoehdiig zone for copfcacting the device with a sain^ 

(b) a nucL^ acid isottiennal anqilification zone in liquid coxxnnnnicaiion with the 
sanq>le recdving zone; and 

(c> a detection zone fw detecting the product/s, directly or indirecdy, of an isodicnnal 
nucleic add an9)Uficalion reaction perfiwaned in flue ampllficadon zone, said detection zone 
behig or being locaiable, in liquid c o mmm in ic a tfoa wUh die amplificaticm zone. 

The assay device hi accordance widi the second aspea defined above differs from the 
assay device of the first aspect in two regards: 

(i^ die ampUfication reaction performed using the device of tb& first affect may be 
(and preferably is) isodienoal hut may alternatively involve tiietmal cycling/ whilst the 
an^ilification reaction performed using the device of die second aspect is solely isotheonali 
<ii> an extraction step is performed oh or wifliin die sample receiving zone of die device 
in acooidanoe with the first aspect - such a st^ may optioxially also be performed (and 
preferably is perfonned) on or widim the sample receiving zone of a device in accordance 
' wiflx the second aspect. Alternatively, however, an extraction st^ m^ be performed 
8q?arately from die assay device and the resulting extracted ssospte subseqwartJy ^Ued to 
the sample recdivlng zone. 

In a diiid aspect the hiveoiion provides a method of deteajng the presence and/or amouns 
of a nncleio add seqneaioe of hUerest in a sample, die method comprising the steps Of; 



contacdEg a sample comprising the sequence of inteiest with the sample receiving zone of 
an assay device in accordance widi the &st aspect of th^ 

add amplification reactidn to take place in the nucleic ac'id amplification zone of tfae 
device: and detecting, directly or indiuecdy, iJie prodnct/s of the amplification reaction in 
the detecoon zoa» of the device. 



En s feurth aspect the invention provides a method of detecting the presence aad/or amount 
of a mideic acid sequence of interest in a sample, the mcdiod caa?n:isJng the steps ofc 
contacting a sample oomprishig the sapience of interest with fte sample receiving zone of 
an assay device in acooidance with ihe second aspect of the hrvendon so as to cause a 
rmcleic add amplificatioii reaction to take place in the amplification zone of the device; 
and detecting, direcdy or hidirectly, the pioduct^s of tfae anplificatioti reaction in the 
detection zone of the assay device. 

in a fiftti aspect, the iiw^aatioa, provides a mstiiod of tnaldng a lateral flow ^say device i» 
accordance with the first and/or second aspects of the invention defined above, the method 
comptistng the steps of: foctndng a porous matrix comprising an amplification zone and a 
detection sooe, said arapliftation zone befag. -or being locatable, in liquid flow 
corannuricatiott witti a sample rccd-.-ing zone, sample receiving zone comprlshig one or 
wte reagents immobUised Of relaasabtjr boond thereon so as to perform a nucleic scid 
extraction step on a nucleifr^cid contahiing sample contacted with the sample receivmg 
xaae. TypicaUy fee one or more reagents comprise one or more (preferably all) of the 
foUowing: a detergent; a base: a dheiating agent; and a free radical tr^. These reagems 
ate describBd in greater detail elsewh^. 

In a sixth a^ct the invention provides an assay kit for perfbnmng aa assay to test &x fh$ 
presence -aidJot amount of a nucleic acid of hitarest in a sanqjfc, the. kit cot3£q>rising a 
latfsral flow assay device in accordance with the first and/or second aspect of the mvention, 
and a suppty of at least one reagent required to perform the assay. Convsnienily the kit 
additionally comprise a si^>ply of t^er liquid, which is applied to the device during 
perfotmaaee qf the assay. The said at least one reagent may be suppUed ready dissolved 
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or suspended fai the carder liquid, or may be supplied, for example dried or lyophilised, 
preferably in ready-to-use aliqpuots. The reagent(s) supplied with the kit, separate from flie 
assay device may be, for example, one or more of the fpUowing: a DNA polymerase; an 
RNA polymerase; aa analyte-specific nucleic acid probe; an. ampKcon-specific labelUi^ 
reageat; rNTPs; dNTPs and the like. 

The assay device of the inventiofx and associa^d aspects will 3iow be ftu-ther described. 
Unless the context dictates otherwise, the descrq^ticna below wHI g^erally j^ly equally to 
an assay device in accordance wilh either the titst or Che second aspects of the inventiaii. 

The ^extraction"' step may cmnpriae one of more of the foUowhitg: 
0) lysis of bacterial, plants animal,, hnman, yeast or other fbngsl cells present in the 
sample; 

(ii) disruptibn of any vhral pardclcs present fai ^e sao^Ie; 

(m) at least p^urtial pMification of the nucleic acid in the sample (e*g. oomprisiiig 
separation of nucleic acid from fragments; of lipid membrane and/or removal of 
polypeptide contaminants); and . 

(iv) inactivation of DNase and RNase present in Che sample. 

The amount and nature of extraction leqaixed will d^eod at least in part on the nature of 
the sanqple and the nature of the target sequence of interest. For ejcan^le, where the 
analyte is double stranded a thc^miBl (or more preferably)^ chemical denaturation step, 
Q^ically as part of tibe extraction, is reqiuied to yield single stranded nucleic acid 
amenable to assay. Agents suitable to cause such a chemic^ denaturation may 
conveniently be prraent (e.g. immobilised or releasably bound) to the sansg^e recdvlns 
zone. Alternattvely, where the target is single stranded (typically^ single stranded RNA) 
Ijben no such thermal or chemical denaturadon step will normally be required. 

Once the target has been rendered suigle stranded^ it will normally be advantageous for the 
target to be treated in some way to reduce the likelihood of reassociatioa of the strands. 
This could involve, for example, dilution in carrier liquid to reduce tiie concentration of 
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the target straads acd/or rapid contact with a considerable exoe&s of one or more target 
specif probes. 

la a device in accordsa^ wiOi tbe first aspect of the inv&ation« the xmcleic acid extractloa. 
is performed cm or in tfce lateral flow device. This is also a i»:efen»d featutB of a device 
"Iff ao5Zirdahc g " wi t h t h e-second-aspeet of-Sx& iirvention- JEhis snwSP^^K)i?§, &e adva natge 
titat essentially all the ati^s of the assay may be- perfoimcd on £!»a lateral flow asiray 
de»\nlce, providing grt^ater simplicity than prior art strajigetEextte- 

The extractioii step preferably ocx^urs ia and/or near the sample receivmg zone- 
particular, it is preferred that the sample receiving zona comprises agents which are 
capable of achieving tbe desired extraction. Typically such agents are releasably bound or 
immobilized on and/or within a porous matrix. Such agents desnably 5baclude one or more 
ijjreferably all) of the following: a detergent, a base> a chelating agent, and a free radical 
trap. Details of suiiafale agents ace contained within US Patent Nos. 5,496,562; 
5,807,527; 5,985,327; 5,756,126; aud 5,972.386.. Tj^ically the detergent is an aoiomo 
detergent^ conveniejotly SDS (sodimn dodecyl sufehafe). The base is advantageously a 
w^fck base, typically monovalent. Note tbai the base may be provided as its corresponding 
^It (preferably a carbonate) and the Cenn "base* as used herein should be construed 
accordingly where tbe conlsKt so permits. A preferred base is Tris (i.e. tris- 
hydroxymethyl merbane). A preferred chelatrag . agent is EDTA (i.e. ediylffloe diatnlne 
tetra-acedc acM). The ftee radical trap is less significant than the detergent^ base and 
chelating agent. A suitable free radical trap is uric acid or a urate salt. It may be 
particularly useftd in sifeiations where the sample is not processsd innnediatcly after 
contacting with the assay device but left for some time (e.g, to be archived) before any 
smplification reaction takes place. In other situaeioxis the firee radical trap may norxnally be 
avoided. 

Edl a preferred embodiment, the lateral flow assay device in accordance with the first or 
second aspects of tihe invention, comprises an FTA matrix ox similar, preferably in the 
sample raidLving zone. FTA papw is available from Wbatman Litemafional Liruted 
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(Maidstone, Kent, UK) and conqprises a cellulose-based matrix coated with agents (sudi as 
those described above) wMch lyse cell and nuclear membranes, dematore polypeptides mi 
inactivatB enagraaes (siicb as nucleases) and which protect nucleic acid from UVnuedialed 
or oflier environmental damsqge. FTA paper has beeaa desanbed in detail in Ihe US patents 
referred to in flis prcoedius paragtaph. A shnilax material, known as IsoCode"^. is 
available ficom Sch^ichsr & Sdiuell, 

For itus purposes of iUustratiDA, a suitable sample reoeiving/extractiOA matcix cot^prises a 
celltdoso-based p^[K3-. such as filter paper, having a minimal loading (per square cm of 
p!^) as follows: 5DS Img; Tris 8 micrcmiols (96S.8mg of free base); EDTA 0.? 
miaomols (146.1nig itee add) and, optionally, uric acid 2 micriKnols (336.24mg); 

» 

Nucleic acids present in the sample become temporarily entrapped witlua liie tOBXAx. • - 
Wash, or carrier Hquid (e.g. TE buffer) caa be added to wash away ihe umequlred f 
coniaimnants. Care must be takea tiiat the anu^uut of fluid added is not so great as to 
saturate the lateral flow assay matrix and wick (normally present), otherwise subsequetxt • 
capillary flow wiD not be possible. 

The FTA paper Or similar sudh matcsrial msy be restricted to the sairple receiving zone or ' 
may consticate all or a substantial part of the porous matrix of Ibe lateral flow assay 
device. The anqplificatton reaction may tak» place on tiie FTA paper - the reag^cs which 
inactivate enzyanes being washed off the matrbc by the aH>lication of wash or carrkx 
liqoid. Altiematively, nadeic add temporarily enlrg^q^ed wtthin the FTA matrix may be 
eluted (by application of Sor example, Tris-BDTA buffer or othw aqueous EDTA- 
containing solution to the matrix) and thence transported into a downstream portion of the 
lateral flow defvice coxnprising a generally conventional mtroc^Uulpse or sumilar porous 
matrix, within which the amplificatiDn reaction may be performed. Alternatively^ in a 
device in accordance with the second aspect of the invention, the sample receiving zone 
may be an essentially inert convenriotml matrix (e.g. nylon or nitrocellulose) to which a 
pre-extracted nucleic acid-containing sample is gqpplied. 
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The nucleic acid sequence of interest may oom^^ DNA, ENA, cir nrixtares thereof end 
may be a naturally occuiring molecule or a synlMc molecale. Typically file sequence of 
interest may be derived fiom an infectious disease agent of man or animals, food spoHage 
organiBins. or ftom animal (especially mannmlian), human or plant sources. The ass^ 
devices flhnd particular applicatiaa as diagnostic tools to assist in diagnosis of infectious 

^^6tQ^ patfiblo^^'coflaig&ffisle.g: dHpo^lS Xtf ^affitic- diSDcders-orxonditioiis- - 

associafisd wilh particular genetic abnorraaMes) and in the detection of spoilage organisms 
m foods or detection of pa^genS or markers of faecal contaminatkra (e.g. cofO in 
wawr or otibsr ^vkomam^ samples, Tti»s tte smtsAs siJrplied to the sample receiving 
zone of the assay device may be, or be derived from (as appropriate), any sao^Ie of 
" ■•■ intisresE. The sample cnss? tj-pically be a biological san:?»le' (e.g. blood* plasma, serran. 
urine, sweat or the Ijke), or a sample of food Of drinK. or an ejivironmenial san^de such as • 
a water sanxple or a swab from a surfeuse. ^ 

The lateral flow assay device of the invoatioa is typically a low-cost itsm and disposed of 
■ after a single use. GenraaDy the assay device comprises a permeable or porous matrix 
wWoh at a proximal end is in liqiiid conmnmication with the sample receiving zone, such 
that liquid applied to the sample receiving zone may flow along the deface through die 
permeable or porous matrix by vktue of capillary action, is conventional to provide a 
highly absorbcait "sink" or widdng member at the distal end of the porous matrix, to 
enhance the capillary flow. Analytes and/od: reagents suapeaded or dissolved in fhfi liquid 
may be transported dong the device by the flow of liquid. 

Tj^jically the porous matrix aud widdng member are substaztfieUy enclosed within an 
impervious casing, often comprising aai opaque plastics material, to ^Itate handling of 
flie device and to protect the matrix against •o on t am i n a.tion. 

Again, it is convejtKional to provide lateral flow assay devices with at least one test reagent 
which is rdeasably bound hi and/or on the porous matrix, typically in dessicated or 
lyopWttsed form, sacai tidai conectiog the assay device whJi a liquid wiU release the test 
reagstt which may tlien be transported by the capiUaiy flow of ths liquid along the porous 
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matcfcc. It is also conventional to provide at lea«t one test teagent, typic^y a captarc 
reagem. in the deteotton zone of titie device, wiridi teagent is inmiobilised in and/or on the 
p«ona matrix, snch flie flow of liquid along the tpatrix will not release flie reagent in 
question. Thi.fi«:ilitate5concentratlonanddetectioaofana^^^ 

Hie a«ay devices of Uie present invention wOl nonnally possess these conventional . 
features. Thegeneralprincipleof operadon of tl« devices of die invenito^ 
acid sequence of interest present in a sample applied to the sample receiving zone wdl be 
transported. Uy capillary flo^ along the porous matrix to the nucleic add an^>lifica£ion 
zone where, typically depeaident on the presence of fte sequence of in.^, a nndeic acid 
a^nplification reaction wiB talce place. The amplified prodoct^s of that reaction (known as 
the ampUcon/s) witt typically become labeHed in.an amplicon-spedfic mamier. and wiU 
continue to pass along the porous matrix to the detection zone, where the amplicon/fi will., 
be c^nired by an hnmoWliBed capture nKdecale. 

* 

Those skilled in the art will ^ppteciate that it is necessary for liquid to be present in order 
TO perform the assay. The sample m^itself be in liquid form. Alternatively it may be , 
necesspry to add a carrier Uquld to the sample eitiier prior to contacting the sample with,, 
the assay device, or in situ on ^ san^le recdving zone. The carrier Hqnid will normally . 
■ be aqueous and tm include, fet example, distilled or deionised water, or an aqueous . 
hufibr splntion, such as IB bufft^- The carrier liquid may be added an m one go. or be 
added in discrete aliquots (this latter option may iju^fiifly be empl^^ 
flow of Ae anityte and/or reagents along the assay device). Conveniently the carrier 
liquid may comprise one Of more of the reagents required to perform the assay (e.g. RNA. 
or DNA polymerases; rNTPs or dNTPs; probes; labels eic). In addition, or alternatively, 
as explained above, carrier Uquid may.be ^lied to the device to wa^ away contaminant . 
from the sample receiving zone and/or to elute away from the Banq>le receivhig zone, 
agents useful for priming the extraction step but which may inhibit the subsequent 
nucleic acid amplification reaction. The amount of carrier liquid applied to the device wiU. 
typically be hi the range 50/*l-2ml, preferably in die range 100,d-lml. 



04-SEP-2002 11531 FROM Ktl m W Nhtoi-i & ^ 

{ ^12 



G^^xally . the arraBgemeat will be th^t (togpdier with associated 3mlytes 

and/or resusp.a<kd reagents) wiU flow firom an. ^one to another, dlowfaig various ^ of 
the assay to be p^omred .equ««l^y. TWs flc«. be «3cntiaUy contiimoas at a 
snbstantially constant speed. However it^y be tx> cause a discoxttinuous flow. 

With ^iiferem flow rates ai different points «Ioog the porous matrix, e.g. to allow 
-ri^aiim-pfoau^ tS^omuiaie-before-tibey-proce^d to -the -next-zoDe-cf .the. device.. 
variation of the ftow rate may 1^ Hdneved by any of a number of suitable mean.. 
iHcIaduig but not Umited to. a physical switch, a dissolvable barrier ., restrictiaa of capillary 
0OW (c.g. by altermg the porosiiy/permeabiliQr of the m^b.) and the like. Examples of 
Snid control systesns used in hamnnoassay lateral flow assays, and which may be- 
employed m the p«se«t iirveiMoa. include the vse of ctencal <US 6,271.040), 
centrifugal fore-. (US 4,989.832). capillary restdcdons (US 6,271,040), sepax^ fluid 
.j^els of differing pathlengOi^ for reage^ (US 4.960.®!; US 5,198,193). or physical 
means (e.g. the WheWiie test from C-Qentec). The porous matr« may be provided as a 
smole cominuouB strip of tnay be formed from nvo or more portions which are held, or 
locateble, in UqixM communication so as to provide a liquid flow path ftom one portion to • 
an a4jaidsiitpoo5Qn- 

■ m one embodhneitt the lateral flow assay device comprises means to alter the relative 
portions of Cwo or mo^e portions of fee porous matrix, so as to affect the rat« of flow of 
liquid froxa one portion to another. This may conjprJse, for example, a plunger or push- 
button which can be actuated to bring provioudy s^arated portions of the matrfat ioto 
Equid flow oomnomicatiott with one another. 

The porous matrix may comprise, for example; celhilose and/or c^tdose derivatives 
(especially nitrocdluJose). although any suitable porous material (e.g. i^lon. polysulfone) 
may be used. Preferably the porous matrix is provided ^ a backmg material (typfcaUy a 
piece of plastics sheet material, such as Mylar) to provide increased strengfii and rigidiiy. 
Typically the porous matrix may be treated with conventLonal agents to prevent non- 
specific bhiding/absorption of analyte or reagents. Suiiafale blodc^rs of non-spedfic 
bindhjg mclude polyvmyl alcohol (PVA) and polyvuiyl pyrrolidone (PVP). 
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In some embodiments the lateral flow assay device will comg^rise at least one reagent 
vMch is required for tlie ijficreic add "amplificatioii reaciion, which reagent is provided 
relcasably boimd to the porous matrix in, or upstream of, the amplification zone, to some 
embodnsencs ai least one reagcait, required for the nucleic acid amplificatioxx reaction, is 
ptovided suspended or dissolved in a carrier liquid which is applied (typically at the 
sample receiving ^ne) to the lateral flow assay do^^ce. Moreover, it is also possible ttiat 
at least one reagent required for the am^ification reactiLon may he hnmobilxsed on or in die 
porous matrix Ci»e- such that flow of a liquid along the matrix will not release the reagent). 
For example, oligonucleotide or polynucleoticte probes, primers and the lilse may be 
immobilised 1o an amino-activaifid matrix by phenyldilsothiocyanaie (PITC) or 
disuccinhnidyl siH^rate. 

3- .. - » 

It wflil be noted diat the embodiments described nnmediately above are not mutually'# 
exclusive ^^i^ may be combined In any combination e.g. wherein one or more reagents 
requires for the jqnicleic acid amplification reacdon.may be releasably bound to Ae matrix^ > 
one or more may be immobilised on or m the matrix, whilst one or more other reagents : 
may be present in a liquid appUed to the lateral flow assay device. Typically the 
amplification reaction will require: die target sequence of interest; at least one nucleic acid jr 
probe which comprises a portion con4)lementary to the target sequence; at least one 
nucldlQ acid polymetase; and mideolide tr^osphates which may be mdlised by the nucleic 
acid pol3merase to synlhesise a polynucleptide or oligonucleotide* 

The nucleic adid amplification sone is that part of the assay device in which all the 
essential components of the an^lification reaction are brought together so that» in suitable 
conditions^ the amplification reaction occurs. Thus, the amplification zone may Ox may 
not be a clearly disceroiWe or discreet portion of the lateral flow assay device. In 
particular, the axK^plification zone may be co-extensive with, or form part of, the sample 
receiving zone. 
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Fuither the arnplification reaoUon n.ay be one resate in ampMcadon (i.e. syathe^b 
of multiple copie.) of the target sequence or one wMcH r^t. Ib an^lfficatioa of a 
sequenee. generation of the signal sequence bemg ulthnately d^endent on the piesewpe of 
the target sequence of iittetest in the sample. Esan^les of target sequence arr^lificatiOtl 
,«cifaniqnes whid. tm ba en>ployed hK^lude PC^, NASBA (US 5.130.238) IMA (US 

5 399^491— ^iS^-^^^ ,«q^en«-^lifica^l^-techm(lues- which -Hiay.te^ 

^oyed include SMAKT CWQ93/06240) SPAR (WO99/37S05) and Eavader/Cleavase 
(US3»84S,717). 

to a device in accordance vrfih ite second aspect of ae iavcod^ 

fliat the amplitteatioii reaction is an isoUiemial leactJon (i-a one perfonned at a 
^stantially constant temperature, wi^ In a device In accordance 

with the first aspect of the iirveiddon it is a pieferred feature that fi«* amplification reaction 

' is an i^othennal reaction. The isothennal an^^lification reaction mfty ta&e place at toom 
tacnperature (e.g. 20*0 or may take place at soxne other temperanite. In order to increase 
fiio speed of the reaction aiKl/or increase the s^ngeacy of hybridisaJion it imy be 
pretod to perita ib& reaction at an elevate temperature (e.g. at a temperature in the 
range SO-SO^Q. Since thermal cycling is not required a single 'hot blook'. ov^n. water 

. bath or odier incubator may be used to. heat ihe assay device and hold it at the desked 
teEoperatttre for Che recjui^ period of t?.tne, 

A preferred isotbermal amplificatloft tecB.tilque fe a sfeoal amplificetlott method. In 
particdar. prefferred aniplificBlion reactions comprise SMART (as disclosed in WO 
93/06240) and/or SPAR (as disclosed m WO 99/37805). Both fliese toques require the 
use of at least one nadeic acid ^robe whicto comprises a sequence which is c«npletneDtaiy 
to the sequence of die taig^ of interest. 

In the case of SMART, two such probes are employed. encJi being coxBple^W^Hta^y to a 
different, but adjacent pordon of the target nucleic acid, such tiuit in lite present of tiie 
target Ihe two probes (one a "te^^Iate" probe, the oth^r -extension" probe) become 
hyhridised adjacent id each oiher on ihe target, in a complex kttown as a "three way 



04-SEP-2002 11=32 FROM KEITH Ul NPSH & CO 



TO 



lEUPORT FfiX 



P. 21 



r 



15 



junction"* tlie hyteidisafion of the two protes in close projdinity allows the ftrther 
hybridi8attonofi«^ve«ann'porttoiisofilieprobestoeadioth«^ One of toe arms 
(the arm of the "teut^lafiB" pioDe) is longer than the oto <lhe shorter arm being IfiSl of flie 
"extension" pro(»e). This aBows the shortet of the two arms to be extended, using the 
larger arm as a template, by a DNA^endent DNA polymerase in flie presence of 
dl^TPs. Extension of the arm creates a donble strand«jd portion of nudeic add which 
comprises an UNA polymerase promoter sequence (e.g. one recognized by T7» T3 or SP6 
RNA polymerases). 

Thns, in the presence of a suitable RNA polymerase and rNTPs, multiple RNA copies of 
<me of flte probes are fimned. This results m "signal" amplification, and the nmltiple 
RNA copies may themselves be fiirthef amplified, if desired* by any one of a number of 
ampKlScation processes known to Aose skilled hi the art (e.g. as disclosed ra WOj 
01/09376). The RNA copies, or amplified copies thea»of, may then typM 

••{ 

and detsKted in tiie cktection zoxie, 

. Accordingly, boili dNTPs, rim»s, DNA polymerase RNA polymerase and suitable buffers ' 
may be required, as well as template and extension probes.. Conveniently, the majority o^. 

• aese reagents will be provided m a carrier Uquid applied to the sample iwciving zone of-= 
the assay device and/or releasably boUnd to the porous matrix of the device. In one 
embodiment one of die probes (preferably the template probe) is hnraobilised hi or on the 
porous matrix and fee odier res^gents are present in a carrier fluid appUed to the sample 
receivmg zone and/or releasably boimd to the porous matriJt- 

Labelling 

Conveniently flhe an^licon/s (i.e, the acoplified end product/s of the amplification reaction) 
becomes associated with a readily detectable label upstream of the detection zone. The 
label may be any suitable substance that is readily detectable e.g. a radio label or an 
enjsyme label. It is however gteafly preferred that the label is a direct visible labd (i.B. 
one wMeh is apparent to an observer without any prior processmg) such as particulate 
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coloured "latex" (ta actiiaUty. thes* particl^ ^ polystyrene) or coUoidal gold 

' K« obviously desirable that (he. lateJ^ One of the simplest ways 

of achieving this 18 to ensure that tbe wr?>li«)0 has a seqpc^^^ is essejrtMty uMque 

amorist tielSd^' ai^^^'ai^tt^^ " 

Which comprises a seqoeaoe affl^Iememary to that of the ampHcon. such ihat the 
labelling reagent hyhridiaes to the amplicoo in a seqpeace-spccifto mannei. 

. Desirably the labdiing reagent is provided releasably bouM to the porous natrix. . 
,^ti«am Of the detectioa zdiie, such that as m^^ic^ migrates aloitg the ass^ device it 
becomes assodatsd with the labelling reagent whioh is released by the capillaxy flow of 
liquid, the cojuplex of amplicoa and labelling reagent then nrigrating to ths detection «me. . 

The labelling moi^ wiU conveadently comprise, m addition to the label, a moiety which is 
amembarofaspedficbisidtogpahrrsbp*). gwih are well known to diose skilled ia . 
the art and inctade aadgens/antibodies. coni^Iemeataryt strands of tmcldc acid, 
. l^ds/receptow and the Hi=e. A preferred sbp fbf present purpoEes is biotin/strepavidin. 

Bstactioa 

The labelled amplieoit is detected fn the defection zone. This is conveni^ achieved by 
inunobiUsmg on the poroas matrbc a capture molecttle which is speoifio for the labelled 
amplioon complex (aiore particularly, specific for the ainplicon). The andpUcon-speciflc 
capotte imdecule tx^ be afty molecule which can bind in a specific manner to the 
ammxm. and which may be iramobilised on the porous niatrix. Conveniently the 
-- aii5>liboi-spedflP dqrtuf e mdleoile may con^>rise.a nucleic acid sequence Gomplementary 
to that of the amplicon or aiay comprise a nucleic acid binding protein (e.g. a "zinc 
finger- polypeptide) or a sequence-specific antt-DNA or anti-RNA antibody (or efibctive 
bkkdhig portion thereof, such as an Fab, Fv» scFv etc.)- 
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The an5>licoii-specific capture molecule will cbuvenieatly be immobilised in a line or band 
aaross tbe porous matrix, substeratiaaiy tranvCTsdiy arranged relative to the direction of 
liquid flow alOBig Hue assay derwce. Accordingly* labelled ainplicon will be captured and 
conceaxtrated, fbrmlng a visible lim in tiie detection zone. It h perfectly possible, 
however, to de$K>sit tiie ca^^e molecule in otbsac contSguradons, so as to fozm, for 
exan^^Ie, a spot or other shape, in addition, it is possible to arrange fhc device so as to 
dqposit a capture molecule in two <xc xioiore locations. If desired, two or more diffetenc 
capture molecule may be deposited at respective locations, each capture molecule being 
spediic for a respeaive amplicon, such that a single device can be used to test for die 
prese^ice and/or amount of a respective number of different sequences of interest- 
Naturally a flie amplification reagents to amplily the dififerent targets (or sequences derived 
therefitan) will need to be provided also, 

\ 

It is also preferred ttiat the assay device comprises a control zone, advantageously 
downstream of the detection zone. The control zone typically comprises an immobilised 
capture reagent which hinds sf^ecifically ;to a reagent which participates in the amplificaiid^a 
and/or detection teaaions car which might be generated a control nuddc acid 
amplification reaction. One convenient, arxang^ent is for tli^ control zone to comprise ja 
line or baud of imnaobilised reagent which edubits specific binding for the labelling 
reagrat (e.g. the labellii^ reagent may be a biotinylated olignucleodde and the unmobiUsed 
control zone capture molecule comprises stfqptavidbi). 

In an alternative mbodimicnt the capture zone comprises an immobilised array of capture 
molecules which c^ture excess labelled amplicon. 

The invention will now be further d^cribed by way of illustrative example .and with 
reference to the accompanying drawings* in which: 

Figures 1, 2 and 3 are schem^c representations of various embodiments of an assay 
device in accordance with the first and/or second aspects of the invenxionit 



B4-^P-20S2 11^33 



FR3M KEITH UI NRSH & CO 



# 



TO NEUPCRT FftX 



P,24 



( ■ 



18 



Detailed Descrfnfion of Emboditaeats 

Referring iso Figure l , an. assay device in accordance wltti both the first and secooA aspects 
"ofWeHEvCTSicff con^ generally j>y refere nce 

numeral 1. The strip is provided wifli a bactmg of clear syKthetic plastics material, sue* 
as Mylar sheet, 

Ths strip is mibstantislly enclosed wfehia a casmg of opaque plastics material, forming a 
protective casing 2 (denoted by Ihe broken Ene)*. The casmg has an i^jertuxe 4 at a 
proximai, i^stream end of the device and a window 6 towards the distal, dowmtream end. 
The apearture 4 allows the lateral flow strip to prqfecc beyorwJ tbe casing, at which proximal 
end there is a sanq^ie receiving zotj^ 8. The window 6 alfows a usar to observe the 
formation of a test result $igaal at the cesr line 10 and a control result sigDtal at the control 
Uae 12. The san^le receiving zone 8 coittprisea Whatman ETA papar» which material is 
useful for p6rfi>nning an otteaction stcpi so tbat the sample receprfng zone S is in eJBFect ;a 
COTibined san^jle recdeving and extraction soae, 

Ttye sample receiving zom S is in liquid flow oonimmiication or contact wilh a porons 
matrix denoted gsneraily by reference mnneral 14, which is- itself in liquid flow contact 
wiiii a wic?'±ig member 16 of highly absorbsnt matexial (e,g. Ahl&ferom 222 in a pad of 
dissensions approximately 5mm by 2QDadi), 

Adjacent to, and slightly overlapping wiflbt, die combined sarnple receiving and extraction 
sooe 8 is an amplificatioa zone 18 which coosgprises a ^ad of WhataxOT GP/C porous 
material comprising reagent? for .perfisrming an isothecmal SMART nucleic acid 
aiE^UlScation, the reagents comprising: 

(i) Template probe attacbed to 2pm iatax mrcroparticles (aznine-modifxed and 
crosslinked vk phenyldiisolhiocyanate); 
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(ii) Extension probe,- (iii) DNA polymerase; (iv) RNA polymerase; (v) dNTPs; (vi) 
iNTPs; (vii) linear amplijBcation. probe; and (viii) ampliconrspecific labelling probe 
coupled to 40vaxk gold colloid, pr^ared by incubation of 40nm gold colloid (British 
BioCell) witli thiol-cappcd probe for 1 hour, foUowing by blocking excess binding site$ 
wifblmg/mlBSA. 

A nn^dxife cootaining (iHviii) at the apprdpiiate coiicentratilon3 is prepared in transcription 
buffer comprising l€QmM l^is (pH 7.8), 24mM MgClj, SmM spermidine, 4QmM DTT, 
600mM NaCl, 0.002% Micrococcus DNA, 1% Ficoll and 1% PVP, also containing 
5%w/v sucrose, and SO^il dispensed onio the pad. The pad is then dried by lyophilisalicHi- 

The amplification wne 18 is adjacent to, and sligMy overlapping with, detection zone 20, 
The overlap ensures good liquid flow conMnonication between the respective zones of the 
porons matrix 14, Hae detection zone 20 compriises a strip of nitroceUulo3B (HP 1S5^^ 
Millipore) 5xnm x ISmm. Lcmnobilized on the nitrocellulose at test line 10 is an amplicon- 
specific capture molecule, in the form of a probe oligonucleotide complementary to the 
sequence of the aniplicon. The test line 10 is formed by suspending the amplicon-Specific 
capture probe in 2SniM phosphate buffer (pH 7.0) containing Q.5mg/ml BSA, and 
depositii^ a stripe of the suspension across th© nitrocellulose, which is then dried 
overnight ar 21 ''C at a relative humidity of less t!b^ ' 

The control line 12 may be formed in a substandally similar manner, using a capture 
molecule specific for the labelling ptobOi: ' 

The. combined sample receiving and extraction zone S, amplification zone 18. and 
detection zone 20 are lammated onto adheslve-bacfeed .Mylar sheet (from Adhesives 
Researdh) to provide support and ensure their correct orientation. Liquid flow between the 
components is ensured by providing a 2inm overly between adjacent components- The 
components 8, 18 and 20, with their Mylar backing are placed within a moalded synthetics 
plastics material which forms protective casing 2* hatemal projections within the casitig 2 
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A large imirib«r of variants of ftfi iUustr^ embodiment can be readily «msaged ^-g. the 
of a moteiy. sach as a «acleic add probe (especiaUy a SMART assay tenq,!^ probe) 
t^^i^ lit^par^T^ wffiiara^^odted hr*y &rm-oa-the-porous^tox.>f-_ 
the assay device ainl whidi are mobilised <m coxitect with a carrier li«5aid hence 
migrate slong tbe assay device whereupon they tD^y be captured by a captoe moiety 
deposited on a control line which has specific binding activity for a nK>iety on flie t^nplato 
probe or ^ particle on which U is supported, hereby forming a viaibte control result 
si^n^ at ihe control line, providing a visibte indicatlan to the test user that sufficient UQUid 
been contncted with tJ^ saniple receiving zone to m^ais^ 

bound to the porous matrix. ' 

^fffqy for. W. rJi^ ass l^kUA 

• iius example relates to an assay device and niedKM^ 
to detection of £. coU 23S rRNA. Hie '^aratos is illnstrated sdjmjatipally in Figure Z, 
in longitadinai section. Compooeots of the iHusttatsd ^params analogous to the 
embodhnent represented in Figure 1 are d^oR«i by fte same reference ninnetils . 

As before, a confined sample receiving and extractian zone 8 (comprising FTA paper), an 
amplification zon^ 18, a demotion zone 20 and a wfcking member 16 are laminated onio a 
piece of adhesive-bacljsd Mylar 22 snd substantiany enclosed widiin a moulded plastics 
coating (not shown) . 

At the juncdon. of the amplification zone 18 and the detection zons 20, a 2mm gap is left 
between the portions winch are adhered to the Mylar bacldng 20. A non-adhered Sap 24 
of the ^m^on zone 18 is provided, 5mm in length. The flap 24 overlaps the 
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detection, zone 20 but liquid flow conMmmicatiott Ijecweeii the anipIificaJion zone 18 and 
the detection zom 20 is initially prevented by the laresence of an iisterveniug temovable 
sheet 26 of ii^^rnie^e plastics material, which at least partially projecte through an 
aperture provided in the casmg. The apcrtiufe may be ihe same as result window 6 (in 
Figure 1) or be a aqraiate j^iertare. 

To pofinxa an assay, sample is added onio the sample receiviiig and extraction zone 8 and 
the device placed <hi a heated Wodc at 41 for lysis and reiease of nucleic acids. Carrier 
fluid (c.g. TE buffer) is then added from a dropper bottle or micro pipette, causing the 
. extracted noddc add to migrate by capiflaty acdon to the ar^plificaticm zone 18 and 
jm^ilise flie reagents releasaUt^ bound diercm. TypicaUy between 50/d to 2inl of carrier 
fluid is added, pielbcably between lOOM^d ImL,.- 

Following the mobilisatidn of the amplification reagents within the ampUfication as^ne. 18 
by the carrier fluid containing the released nucleic acid, generation of amplicon extsues if 
liie target (23S rRNA from E, coti) se<ittence is present. As the amplicon is generated by 
die amplification reaction, it binds to a colloidal goW-lahelled amplicon-specific probe to 
form a labelled amqplioofn/amplicon-^peciiic probe compter. 

' ' « 

Becaase the liquid flow coimrausiicatiaii wia the detectxoix zone 20 is blocked by tbe 
removable pla$tiiff$ sheet 26^ ihe anopUcoa generated^ and «foa resuldiig labdled complex, 
accamul£d& in the anqplificatioii zone 18i 

After 40imns. the plastics sqparalion sheet 26 is removed, allowbg liquid, to^idier wifli 
labeUed amplicon and my excess free labelled amplicon detectton probe to migrate tato the 
detection zone 20. Coxiveniently^ a projectiott and/or biasing member is provided Osn the 
inner surface of the casing, to urge die amplification zone 18 into intimate contact wilb the 
detection zotxe 20 once the impermeable plastics sheet 26 is removed* Any labelled 
amplicon present becomes bomid to the amplicon detection probe immobilised at the test 
line 10 and forms a red-coloured line. The free labelled amplicon detection probe xaigtates 
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p« th« test Unc «4 U =^=d IBT a p«l»«P««a 
ooBtrol line i2, fbnniBS a visible codHoI result. 

Tl« t»t a»d «.«rol <» ^i^^* ^ ^""^ m tf» «sb>g (or ,u=Biifed 

,y , ...d^). . ml to i. to-Ucaaye of p««n« of a «>fl 23S IBNA ^ 

A ftxther eiBbodimeaC is illusttated «*«natically in Hga« 3. As?i«, conq^or^ of the 
assay ^ch ^ aHatogous to Hu«e ^avm in Figure 2 a« d.«Pted by oommoa 

reference inmiaals. 

M tM3 embadi^t tli«e i. provxded ani nir gap be^.'een tHe ampiification 18 and «i« 
deeectton zoxie 20. Afte. appropriate, amo^ of dme has elapseO, to allow amphom to . 
accxmmMe in the ampliuoatlan «,iie 18, relative positions of ^ least part of 
• an^lificatiou zo^ IS aM the detection .one 20 ace altered to establish liquid flow 
commonication therebetween. In the partioular embodiment illustrated in Figoie 3, ti^ 
po^itioiis .f at least a flap part of the ^Ufication zone IS is altered, relative to the 
6^aoa 2one 20. by actuation of a plunger or push-button 28 whid, is received within an 
aperture 30 provided in (he casing 2. Dq>ression of tiie plunger or push-tuttoa 28 causes 
fi^ con^poncnt to bear down an the flap ^, pushing it into h^e cont^ 
detection zone 20. hereby allowing liquid add any accumulated an^plicon and other 
mobilised substances to pass into ^ detectiOD ixm& 20. 

It should be noted that in tt» smbodimauts iMustcated in Hgufes 2 and 3 . bitaxuptioa of 
die liquid flow path between the an^Iiflcatioo zone 18 and tte detection zone 20 also baa 
the result of removing tbe wicMng effect of wicking tn^ber 16. It is in^rtant therefore 
that the amplification zone 1? of reasonable absorbency to provide aufficieut capillary 
flow to draw analyte and/or reagents ftom the sample receiving/extraction zone 8. 
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1. A lateral flow assay device to lest for the presence and/or amount of a mideic acid 
8e<juence of interest in a sample, the lataral flow devioe comprfeing: 

(a) a sample receiving zcme for conocting the device wifli a sample to be tested; 

(b) a nucleic a«ad an)^liiicafioQ wme in Uqnid awnmunicsitioii with the sample receiving 
zone; and 

(c> a detection zone for dstecting tiie prodnct/s. directly or indirectly, of a nucleic acid 
amplifioaiion reaction performed in the nucleic acid ampUfioation zone, said detection zone 
being, or befatg locatable, in Uquid communication wifli the amplification zone; 
characterised <in that a nucleic acid eacaction step ia perfomwd on or withiii^^ lateral 
flow ass^ device. 

2. An ass^ device according to claim 1, wherein the nncleio acid ani^lification 
comprises an isoth^mal anipUficasioni reaction. 

3. A lateral flow assay device to tpst for ilie presence zad/m amonnt of a nucl^c acid 
se<iaeace of interest in a sample, the lateral itew device comprising: 

(a) a sample receiving zone for contactiDs the device with a sano^Ie to be tested; 

(b> a nucldc acid isothennal amplification zone in liquid communication wifli ihe 

saaople receiving zone; and 

<c) a detection zone for detecting the product/s, directly or indirccUy, of an isothermal 
nudeio add anipliflcatlQtt reaction performed in the an^Iificatian zone, said dececiion zione 
belogf or bdtJg locatable, in Uquid o<wnnunication with tflbie amplification zone. 



4. A lateral flow devioe aooordtag to claim 3, further characterised in that a nucleic 
acid extraction step is performed on or wUfldn the lateral fitow assay device. 
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5, A lateral flow assay device in accordance with claim 1 and farther in accordance 
withclfsimS- 



6. A lateral flow asssy cS&vice in accordance with any one of the prKeding claims, 
whesrein the device camprise® one car mote reagents releasably bound on a porous matrix. 

7, A lalorai flow assay devi^ accorcHng to claim 6> wherein the one or more reagisnts 
rdeasably boond c ofl J ^pri se one or moire reagents requited to perform the nucleic acid 
amplification reacti^. 

S. A lateral flow assay device according to any of die preceding claixns comprising 
one Or liMf e reagents inmiobilised on e porous matrix. 

9* A ISLtersl Sow assay device accoioling to dsdm 8^ wherein the one or more 
immobilised reagents coznprise an amj^liflcation-specific captore moiety. 

10. A lateral flow assay device ipfccording ' to any one of die preceding daima 
coroyprising a rel^a^ably bound or an immobilized probe cosrqprisxng nucleic acid. 

11. A lateral flow assay devlo^ accotdtng to any one of the preceding claima> wherein 
the sample receiving zone comprises reagents Guhkble to perform a nucleic acid extraction 
step on a sani^le applied to the sample receivlog zbne. 

12. A lateral flow assay device according co any one of £he preceding claims 
compristEKg FFA papefc or equivalent mstoiPl. 

13. A lateral flow assay device according co any one of the preceding cl^dms, 
comprising means to cotsb interruption of flow, or aJteration of rate of flow, of a liquid 
along A porous matrix within the device. 
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14. A latecal flow assay device accorduxg to ckdm 13, coiqprising xpisans to aleer the 
telstive positions of two or xoore portions of the porous xnabix, so as to affect the rate of 
flow of liq]uid from one portion to anodic. 

15. An assay kit for performing an assay to test for the presecijce and/or amoimt of a 
nucleic acid sequeaee of iiiterest in a sample, the kit comprising a lateral flow assay device 
in accordance with any one of the preceding claims and a supply of at least one reagent 
required to perfonn tb& assay. 

16. An as^y kit according to claim IS. coniptlsing a supply of carrier liquid. 

17. An assay Idi according to claim 16, wherein said at least one reag^t is provided 
dissolved and/or suspended in the carrier licpiid. 

18. A meiiiod of performing an assay to test foi tbe pressice and/or amoiint of a 
nucleic add sequence of interest in a sample, the metliod conxprising the steps of: 
contacting the sample with the sample/ receivitig zone of a lateral flow assay device in 
accordance with any one of claims 1-14, so asVto cause a nucleic acid afiipliflcation 
reacdon in the presence of the sequence of interest; and detecting, directly or indirectly, 
the product/s of the aerification reaction in the detection zojoe of the lateral flow assay 
device- 

19. A method of makiDig a latml flow assay device in accordance with the first and/or 
second aspects of the invention defined above, tbe method con^ising the steps of: 
ftnming a porous matriix coniprising an amplification zone and a d^sction zone, said 
anqplification zone faeiiitg, or being locatable, in liquid flow communicadan with a sample 
reccivmg zone, the sani[de receiving zone comprishig one or more reagmts immobilised or 
releasably bound thereon so as to perfonn a nucleic acid extraction step on a nucleic^cld 
containing sample contacted wiffai the sample receiving ssone. 
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20. AA assay device substantially as bfireinbefore described and with r^fer^cc to the 
acccOTjaxiymg drawiags. 

21. * Aa a^ay kit substajotialb^ as hereinbefore des^aribcd and wifh. reference to the 
accoxx]paiQnhig drawings. 

22. An assay method srtbstsuadaKy as herembefor? descacibed and witti reference to the 
accompanying drawings. 
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Title: t n^y^, ^ pinw Aasav Devic e amd Meaiod di 

Disclosed is a lateral flow ass^ device to test ftff toe presence and/or amount of a maieic . 
acid ssqneiice of interest in a sajiqjle, the lateral flow device coixjprismg: 

(a) a saBDflcs receiving zooe for cotttaoting tiie device vfith. a sample to be tested; 

(b) a rttideic add aniplifiteation zone in. liquid cornmnafcatiDn with the sample xecefviog 
zone; aod 

(c) adsstssctioia zone fbr detecting the ptoduct/s, directly Of iiodiiectly, of a audsip add 
nmplificatLoii reacti<KX perfonned in t&e nucleic acid ainplificadon zone, said detection zone 
being, or being locatabic, ia liquid oonummicatioa with the atcqilification zoie; 
characterised in that a nndicis; acid exttactioo. step is perfonswd on or within the lateral . 
flow assay devioaii 
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